Titiotus Simon is revised, and contains at least 16 species known only from California. Males of the type species, T. californicus Simon, are described for the first time, as are those of T. flavescens (Chamberlin and Ivie). Eusparassus hansii Schenkel is transferred from the Sparassidae to Titiotus, and its male is newly described. Thirteen new species are described.
INTRODUCTION
This paper, the fourth in a series on the North American spiders currently assigned to the family Tengellidae, completes coverage of the Liocranoides complex of genera by revising Titiotus Simon (1897). As with the other members of the complex, very little has been published about these taxa, but they were of great interest to the late Willis Gertsch, who devoted considerable field effort to securing adequate samples of their extensive radiation within California. Although males of these species have been known in collections for decades, it seems that the only illustrations of a male palp of any Titiotus species that have appeared to date are those of an unspecified species provided to accompany the generic key by Ubick and Richman (2005) .
Only three species are currently assigned to Titiotus. Two of them are valid: the type species, T. californicus Simon (1897) , and Liocranoides flavescens Chamberlin and Ivie (1941) , which was correctly transferred to Titiotus by Lehtinen (1967) . The third species was described by Mello-Leitão (1915) as T. brasilienses (a spelling that is presumably just a lapsus for brasiliensis), on the basis of a female from ''Retiro (Itatiaya)'' in Brazil. That species is certainly misplaced in Titiotus. The type specimen should be in the collection of the Museu Nacional in Rio de Janeiro, but appears to be lost (Thiago de Silva Moreira and Adriano Kury, pers. commun.) . Since the taxon (probably a ctenid or zorid) is unlikely ever to be recognizable from Mello-Leitão's brief and unillustrated description, the name is here considered a nomen dubium.
Another indication of the obscurity of the genus, and of its relationships, is the more recent description of one of its species as a member of a distantly related family, the Sparassidae. That taxon, Eusparassus hansii Schenkel (1950) , is transferred below to Titiotus.
Based on detailed habitat notes provided by Mr. Wendell Icenogle, Titiotus species seem to prefer steep, rocky canyon slopes near high montane streams. They seem to share microhabitat preferences with the Californian members of the basal araneomorph spider genus Hypochilus Marx. A female of T. humboldt, new species, was found clinging to the walls of a large pipe under a road in Humboldt Co., within a few feet of the webs of some Hypochilus kastoni Platnick. Similarly, specimens of T. heberti, new species, were taken in Kern Co., only a few feet from specimens of Hypochilus petrunkevitchi Gertsch (possibly the most southern record for that species).
At lower elevations, including the Coast Ranges, Titiotus species occur mostly in forests, especially oak and mixed evergreen, but also in rocky grasslands. These spiders are also strongly cavernicolous; almost half of the known species are recorded from caves, where they may be quite abundant. For example, in Speleogen Cave (Calaveras County, Aug. 8, 1986, D. Ubick) several subadult and earlier instar Titiotus, presumably T. gertschi, new species, the only species known from that cave, were observed in a small room (,5 m diameter). Additionally, the ceiling of this room contained over two dozen Titiotus exuviae of various size classes and, interspersed among the exuviae, several eggsacs, no doubt belonging to Titiotus. The eggsacs were spherical, about 1.5 cm in diameter, with a papery outer covering, and suspended from the ceiling by a thick cord of silk about 1-2 cm long. Additional specimens of probable Titiotus eggsacs were collected from a woodpile in Scotts Valley (Santa Cruz County, Oct. 1999, N. Tunison and R. Morgan) , and are probably of T. flavescens (Chamberlin) . These closely resemble the eggsacs from Speleogen Cave, but have a pale bluish exterior. In dissecting one of these eggsacs, it was discovered that beneath the very thin outer silk covering is a brown filling of shredded leaf litter, which constitutes most of the mass of the eggsac and surrounds the central core of cottony silk containing the eggs. A third observation on Titiotus eggsacs is of one constructed by a gynandromorph (probably of T. marin, new species) collected in Mill Valley (Marin County, May 23, 2007, V. Smith) . The specimen was maintained in a petri dish, mostly on a diet of muscoid flies, and after a month in captivity it constructed an eggsac. Although the initial stages of the process were not observed, the first construct noticed was a flat silken disk suspending from the ceiling of the dish by several threads extending from its perimeter. The eggs were attached to the underside of the disk and then covered by layers of silk to produce a hemispherical shape. The size of the eggsac, about 5 mm in diameter, is considerably smaller than the eggsacs in the previous examples, but comparable in size to the central core of the Scotts Valley specimens. As no source of litter was provided to the gynandromorph, it is not clear whether it would have produced a more typical eggsac in nature.
Specimens have been examined from the collections of the American Museum of Natural History (AMNH), California Academy of Sciences (CAS), Blaine Hebert (CBH), David Bixler (CDB), Darrell Ubick (CDU), James Cokendolpher (JCC), Los Angeles County Museum (LACM), Mel Thompson (MET), University of California, Berkeley (UCB), University of California, Riverside (UCR), National Museum of Natural History, Smithsonian Institution (USNM), and Wendell Icenogle (WRI). The format of the descriptions follows that of Platnick (1999) ; all measurements are in mm.
TITIOTUS SIMON
Titiotus Simon, 1897: 113 (type species by original designation Titiotus californicus Simon).
DIAGNOSIS:
The unusual character combination of three claws plus claw tufts readily separates members of Titiotus and their closest relatives from most other North American spiders. Males of Titiotus differ from those of the other three closely related genera (Liocranoides Keyserling, Anachemmis Chamberlin, and Socalchemmis Platnick and Ubick) by having a tibial apophysis consisting of three or four prongs (rather than just one or two, figs. 9, 14); females differ by having a wide median septum that usually occupies more than two-thirds of the epigynal width (figs. 10, 15).
DESCRIPTION: Medium to large spiders, total length of males 8-17, of females 11-21. Carapace oval, widest at rear of coxae II, abruptly narrowed at level of palpi to less than two-thirds of maximum width; thoracic groove long, longitudinal, very deep; surface coated with short recumbent and fewer, longer, erect dark setae, erect setae most numerous along midline and in ocular area; eight eyes in two rows; from above, both eye rows slightly recurved; from front, anterior row recurved, posterior row slightly procurved; anterior median eyes round, smallest; other eyes oval, subequal, with canoe-shaped tapeta; anterior median eyes separated by roughly their diameter, slightly closer to anterior laterals; posterior medians separated by roughly their diameter, much farther from posterior laterals; lateral eyes of each side separated by almost their diameter; median ocular quadrangle wider in back than in front, wider in back than long; clypeal height about twice diameter of anterior median eyes, corners of clypeus with incised margins that overlie cheliceral boss; chilum weakly sclerotized, divided, composed of two triangular sclerites. Chelicerae vertical, anterior surface with few, erect setae; promargin with three teeth situated at proximal end of fang furrow, most proximal tooth smallest, middle tooth largest, retromargin with three larger, more distally situated teeth; very short, narrow, Ishaped posterior sclerite present, separating chelicerae at base. Labium short, only about half as long as endites, distally invaginated at middle, reflexed at almost 90u angle relative to sternum. Endites rectangular, distally slightly convergent, with anteromedian scopula and anterolateral serrula consisting of single row of teeth. Sternum rounded, without extensions to coxae, with only slight angular projections between coxae, with erect setae; posterior margin only slightly extended between coxae IV.
Leg formula 4123. Typical leg-spination pattern (only surfaces bearing spines listed): femora: I d1-1-1, p0-2-1, r1-1-1; II d1-1-1, p2-2-1, r0-1-2; III d1-1-1, p2-1-1, r1-2-1; IV d1-1-1, p1-1-1, r0-0-2; patellae III, IV p0-1-0, r0-1-0; tibiae: I, II p1-1-0, v4-6-4; III d1-0-1, p0-1-1, v2-2-2, r1-1-1; IV d1-0-1, p0-1-1, v2-2-2, r1-0-1; metatarsi: I v2-2-2; II p1-0-0, v2-2-2, r1-0-0; III p1-1-2, v2-2-1r, r1-1-2; IV p1-1-2, v2-2-1r, r1-2-2; tarsi with three claws and claw tufts, superior claws with several weak teeth, most distal teeth largest, inferior claws unarmed; all tarsi with strong ventral scopulae, scopular hairs distinct from those of claw tufts; distal segments apparently with trichobothria in two rows; tarsal organ not scanned; all trochanters strongly notched; males without tibial crack; metatarsi without preening combs.
Abdomen without anterior or dorsal scutum; anterior lateral spinnerets large, composed of two articles, distal article with two major ampullate gland spigots and about 25 piriform gland spigots (figs. 1, 4); posterior median spinnerets composed of one article, small, triangular, those of female expanded posteriorly, where they bear single large and two smaller cylindrical gland spigots, preceded anteriorly by several smaller aciniform gland spigots and terminally by two minor ampullate gland spigots (figs. 2, 5); posterior lateral spinnerets composed of two articles, distal article about one-fourth as long as proximal article, with numerous long aciniform gland spigots and (in female) three larger cylindrical gland spigots (figs. 3, 6) ; colulus represented by setae on small lobe.
Male palp with patella not widened, tibial apophysis complex, consisting of three or four prongs, of which two or three most retrolateral often share common base (fig. 9); subtegulum and tegulum with interlocking lobes, median apophysis heavily sclerotized at least distally, bearing multiple processes; embolus short, arched, accompanied by hyaline conductor (figs. 7, 8) . Female palp with extremely long, dentate claw. Epigynum with wide median septum, usually occupying most of epigynal width (fig. 10); spermathecal bulbs situated posterolaterally.
SPECIES GROUPS: Two groups are recognized; the californicus group, containing most of the species, is characterized by having the most ventral prong of the tibial apophysis relatively long and narrow, and situated close to the base of the cymbium. Members of the humboldt group, containing only the new species T. humboldt, T. marin, and T. costa, have the most ventral prong of the tibial apophysis relatively short and wide, and situated close to base of the retrolateral prongs. NOTE: Simon did not specify the source of the female holotype, but it may have been provided by George Marx. The Marx collection in the USNM includes two females of this species, labelled with the nomen nudum Cybaeus californicus. Unfortunately, even if this was the source of Simon's specimen, the type locality remains unspecified, as the USNM females are labelled only as ''occidental Cal.''.
Titiotus californicus
DIAGNOSIS: Males resemble those of the more northern species T. hansii but have a more pronounced dorsal extension on the middle prong of the tibial apophysis (fig. 9) ; females also resemble those of T. hansii but have a wider epigynal septum that is more narrowed anteriorly ( fig. 10) .
MALE: Total length 10. Carapace light brown, with slightly darker triangular markings radiating from thoracic groove to intercoxal areas; abdomen pale gray; femora light brown, more distal leg segments grading to reddish brown on metatarsi and tarsi. Leg spination: femora: I p0-3-1, r1-2-1; II r1-2-1; III r1-1-2; IV p1-2-1, r0-1-2; tibiae: I, II d1-0-1, v4-4-4, r1-1-0; III r0-1-1; metatarsi: I, II p1-1-0, r1-1-0; III p1-2-2, v2-2-1p, r1-1-1; IV p1-2-2, v2-2-1p. Embolus expanded prolaterally, arched distally; median apophysis with subdistal projection; middle prong of tibial apophysis bifid, with enlarged, distally expanded dorsal branch (figs. 7-9).
FEMALE: Total length 12. Coloration as in male. Leg spination: femora II p1-2-1; tibiae I, II r1-1-0; metatarsi: I r1-0-0; III p1-2-2, r1-2-2. Epigynal septum wide, occupying most of epigynal width; posterior ducts transverse (figs. 10, 11 DIAGNOSIS: Males resemble those of the more southern species T. californicus but have a less pronounced dorsal extension on the middle prong of the tibial apophysis (fig. 14) ; females also resemble those of T. californicus but have a narrower epigynal septum that is wider anteriorly (fig. 15) .
MALE: Total length 9. Coloration as in T. californicus. Leg spination: femora: I r2-1-1; II p2-1-1, r2-1-1; III r1-1-2; IV p2-1-1; tibiae: I, II d1-0-1, v4-4-4, r1-1-0; III r0-1-1; metatarsi: I p0-1-0, r0-1-0; II p1-1-0, r1-1-0; III p1-2-2. Embolus not expanded prolaterally, arched, narrowed distally; median apophysis with subdistal and retrolateral projections; middle prong of tibial apophysis bifid, with dorsal branch smaller than ventral branch (figs. 12-14) . FEMALE: Total length 11. Coloration as in T. californicus. Leg spination: femora: I r1-2-1; II r1-1-2; IV p1-2-1; tibiae: I p0-0-0, v4-4-4; II p0-1-0, v4-4-4, r0-1-0; III p1-0-1, r1-0-1; metatarsi: II p0-0-0; III p1-2-2, r1-2-2; IV p1-2-2, r1-1-2. Epigynal septum relatively narrow, with almost straight sides; posterior ducts oblique (figs. 15, 16 (fig. 19) DIAGNOSIS: Males resemble those of T. shantzi in having the middle prong of the tibial apophysis relatively narrow and the dorsal prong relatively short, but differ in having the middle prong more deeply incised (fig. 24) ; females have a distinctive epigynal septum, which is greatly narrowed posteriorly ( fig. 25 ). ETYMOLOGY: The specific name is a noun in apposition taken from the type locality.
DIAGNOSIS: Males and females have not been collected together but are matched here on the basis of geography; males can easily be recognized by the tibial apophysis consisting of four prongs ( fig. 34) , females by the thumbshaped median lobe situated posteriorly on the epigynal septum ( fig. 35) .
MALE: Total length 8. Coloration as in T. californicus. Leg spination: femora: I r1-2-1; II p2-1-1, r1-1-2; III r1-2-2; IV p1-2-1; tibiae: I, II d1-0-1, v4-4-4, r1-1-0; III, IV r0-1-1; metatarsi: I p1-1-0, r0-1-0; II p1-1-0, r1-1-0; III, IV p1-2-2. Embolus expanded prolaterally just beyond base; median apophysis long, with large, subdistal projection; tibial apophysis with four prongs, only two most distal sharing common base (figs. 32-34) .
FEMALE: Total length 19. Coloration as in T. californicus. Leg spination: femora: II, III r1-1-2; tibiae: I, II r1-1-0; III r0-1-1; IV p1-0-1; metatarsi: II p1-1-0, r1-1-0; III p1-2-2. Epigynal septum with thumb-shaped median lobe occupying posterior fifth of septum length; posterior ducts oblique (figs. 35, 36 ETYMOLOGY: The specific name is a patronym in honor of the collector of the types.
DIAGNOSIS: Males resemble those of T. madera in having the dorsal prong of the median apophysis long and excavated, but differ in having only two projections on the middle prong of the tibial apophysis (fig. 39) ; females also resemble those of T. madera in having a gradually narrowed posterior projection on the epigynal septum, but have the septum much wider than in that species ( fig. 40) . ETYMOLOGY: The specific name is a noun in apposition taken from the type locality.
DIAGNOSIS: Males resemble those of T. gertschi, but can easily be distinguished by the presence of multiple projections on the middle prong of the tibial apophysis (fig. 44) ; females also resemble those of T. gertschi but have a much narrower epigynal septum ( fig. 45) . MALE: Total length 11. Coloration as in T. californicus. Leg spination: femora: I r1-2-1; II r1-1-2; III r1-1-2; tibiae: I d1-0-1, r1-1-1; II d1-0-1, r1-1-0; III r0-1-1; metatarsi: p1-0-0, r1-0-0; III p1-2-2. Embolus expanded prolaterally just beyond base, with short tip; median apophysis with small subdistal projection; middle prong of tibial apophysis bifid, bearing multiple projections, dorsal prong long, ventrally excavated (figs. 42-44) .
FEMALE: Total length 14. Coloration as in T. californicus. Leg spination: femora: II p1-2-1, r1-1-2; III r2-1-1; tibiae: I, II p0-1-0, r1-1-0; metatarsi: II p0-0-0, v0-0-0; III p1-2-2. Epigynal septum wide, occupying about twothirds of epigynal width, with gradually narrowing posteromedian ledge; posterior ducts oblique (figs. 45, 46 ETYMOLOGY: The specific name is a patronym in honor of Mr. Blaine Hebert, assiduous collector of these and other Californian spiders.
DIAGNOSIS: Males resemble those of T. tulare in having a large, wide dorsal prong on the tibial apophysis, but differ in having a distally narrower middle prong (fig. 49) ; females differ from those of T. tulare in having a posteriorly wider epigynal septum ( fig. 50) ETYMOLOGY: The specific name is a noun in apposition taken from the type locality.
DIAGNOSIS: Males and females have not been collected together, and it is possible that the females treated here as T. tulare are actually those of T. icenoglei, and vice versa. Males resemble those of T. heberti but differ in having the tibial apophysis with a distally wider middle prong (fig. 54) ; females differ from those of T. heberti in having a posteriorly narrowed epigynal septum ( fig. 55) .
MALE: Total length 16. Coloration as in T. californicus. Leg spination: femora: I p0-4-1, r1-2-1; II r1-2-1; III p1-1-2, r1-2-2; IV p1-2- 1; , r1-2-0; III d1-0-0, p1-1-2, r0-1-1; IV r1-0-2; metatarsi: I, II p1-1-0, r1-1-0; III p1-2-2. Embolus twisted near base, distally narrow; median apophysis with subdistal and retrolateral projections; middle prong of tibial apophysis bifid but not deeply incised, dorsal prong large, wide, flattened (figs. 52-54) .
FEMALE: Total length 13. Coloration as in T. californicus. Leg spination: femora: I r1-2- 1; (July 3, 1956; , deposited in AMNH.
ETYMOLOGY: The specific name is a noun in apposition taken from the type locality.
DIAGNOSIS: Males of this distinctive species can easily be recognized by the short, sinuous dorsal prong of the tibial apophysis ( fig. 59) , females by the narrow, posteriorly expanded epigynal septum ( fig. 60) .
MALE: Total length 13. Coloration as in T. californicus. Leg spination: femora: I p0-4-1, r1-2-1; II r1-2-2; III r2-1-1; IV p1-2-2; tibiae: I d1-0-1, p1-2-0, v6-6-4, r1-1-1; II d1-0-1, p1-2-0, v6-6-4, r1-2-0; metatarsi: I, II p1-1-0, r1-1-0; III p1-2-2. Embolus twisted near base, distally narrow; median apophysis with submedian projection; middle prong of tibial apophysis bifid, incised, dorsal prong short, twisted, situated near cymbium (figs. 57-59 FEMALE: Total length 18. Coloration as in T. californicus. Leg spination: femora: I p1-3-2, r1-2-1; II r1-2-1; III p2-1-2; tibiae: I, II p1-0-0, v6-6-4, r1-0-0; III r0-1-1; IV d1-0-0, r0-1-1; metatarsi: II p0-1-0; III p1-2-2, r1-2-2; IV r2-2-2. Epigynal septum narrow, anterior with parallel sides, posteriorly expanded, wrinkled; posterior ducts almost transverse (figs. 60, 61 MALE: Total length 17. Coloration as in T. californicus. Leg spination: femora: I p0-4-1, r1-3-1; II p1-2-1, r1-1-3; III p2-2-1, r1-2-2; IV p1-2-1; tibiae: I d1-0-1, v6-6-8, r1-2-1; II p1-2-1, v6-6-6, r1-2-0; IV r1-1-1; metatarsi: I p2-0-0, r2-0-0; II p2-0-0, r1-2-0; III p1-2-2. Embolus twisted near base, distally very narrow; median apophysis with subdistal and retrolateral projections; middle prong of tibial apophysis wide, with two incisions, dorsal prong relatively short, blade-shaped (figs. 62-64).
FEMALE: Total length 21. Coloration as in T. californicus. Leg spination: femora: I p0-3-1, r1-2-1; II p1-2-1, r1-2-2; III r2-1-1; IV p1-2-1; tibiae: I, II p1-2-0, v6-6-6, r1-2-0; IV r1-0-2; metatarsi: I p1-0-0, r1-1-0; II p2-0-0, r1-1-0. Epigynal septum anteriorly with convex lateral margins, posteriorly with straight lateral margins; posterior ducts approximate through much of their length (figs. 65, 66 ETYMOLOGY: The specific name is a patronym in honor of the collector of the type (and many other) specimens.
DIAGNOSIS: As noted above, the females here placed as T. icenoglei and T. tulare may actually be mismatched. Males of this distinctive species can easily be recognized by the short, deeply incised middle prong of the tibial apophysis ( fig. 69) , females by the medially expanded epigynal septum ( fig. 70) .
MALE: Total length 10. Coloration as in T. californicus. Leg spination: femora: I r1-2-1; II p1-2-1, r1-2-1; IV p1-2-1; tibiae I, II d1-0-1, v4-4-4, r1-1-0; metatarsi: I p1-1-0, r0-1-0; II p1-1-0, r1-1-0; III p1-2-2. Embolus prolaterally expanded at base, distally blunt; median apophysis with subdistal and retrolateral projections; middle prong of tibial apophysis very short, deeply incised, dorsal prong relatively short, blade-shaped (figs. 67-69).
FEMALE: Total length 13. Coloration as in T. californicus. Leg spination: femora: I p0-3-1, r1-2-1; II p1-3-1, r1-1-3; III p1-2-1, r1-1-2; IV p2-2-1; tibiae: I d0-0-1, v4-4-4, r1-2-0; II d1-0-1, v4-4-4, r1-1-0; III, IV r0-1-1; metatarsi: I p0-1-0, r0-1-0; II p1-1-0, r1-1-0; III p1-2-2. Epigynal septum much narrower anteriorly and posteriorly than at midlength; posterior ducts widely separated (figs. 70, 71 ETYMOLOGY: The specific name is a noun in apposition taken from the type locality.
DIAGNOSIS: This species resembles T. marin and T. costa in having the ventral prong of the tibial apophysis relatively short and wide, and situated close to the base of the middle prong; males can be distinguished by having the third most ventral prong of the tibial apophysis relatively short, only slightly expanded distally, and not incised ( fig. 74) , females by the relatively wide epigynal septum and protuberant posterolateral epigynal margins ( fig. 75) . MALE: Total length 11. Coloration as in T. californicus. Leg spination: femora: I p1-2-1; II r1-2-1; IV p1-2-1; tibiae: I d1-0-1, v4-4-4, r0-1-0; II d1-0-1, p1-0-0, v4-4-4, r1-1-0; III r0-1-1; metatarsi: I, II p1-1-0, r1-1-0; III p1-2-2. Embolus prolaterally expanded at base, distally narrow; median apophysis with only tiny subdistal projection; two most ventral prongs of tibial apophysis small, third relatively short, square (figs. 72-74) .
FEMALE: Total length 12. Coloration as in T. californicus. Leg spination: femora: I, II r1-2-1; III p2-1-2, r1-1-3; IV p2-1- 1; tibiae: I v4-4- 
